This paper presents performance comparison of lossless compression technique based on wavelets with progressive transmission capacity. Compressed images are used in various applications, where a large database has to be maintained. To store and retrieve such a large database lossless compression is essential. The performance achieved by this scheme is better than the Set Partitioning in Hierarchical Trees (SPIHT). The work also consists of comparative performances of various lossless and lossy compression techniques with progressive transmission capabilities. Compression ratio of 90 to 95% is achieved by this scheme.
Introduction
In Image compression perfect reconstruction of the compressed image is necessary for efficient storage and for progressive transmission capability. Medical image compression can significantly enhance the performance of picture archiving and communication systems and may be considered an enabling technology for telemedicine. Exploiting spatial and spectral information redundancy in images, wavelet-based methods offer significantly better results for compressing medical images than do compression algorithms based on Fourier methods, such as the discrete cosine transform. The DCT based approach suffers from blocking artifacts and cannot be applied to progressive transmission. Wavelet-based compression does not suffer from blocking artifacts, and the restored image quality is superior.f6] Progressive image transmission is used in telemedicine applications and also for web page displays. The image can be transmitted the given resolution and the user can get the image depending on the resolution needed. Among the various lossless compression techniques Hierarchical Interpolation (HINT) has the progressive transmission capability.
The lossless compression techniques can be improved by using wavelets. Embedded image coding using zerotrees of wavelet coefficients (EZW) and Set Partitioning in Hierarchical Trees (SPIHT) are the popular schemes used in progressive transmission.f3]
The EZW & SPIHT technique cannot be used in lossless compression technique. In these techniques the wavelet transform maps integer to real values. This mapping results in loss of image quality. To avoid loss, integer wavelet transform built by lifting techniques can be used .This method maps integer to integer and is used in lossless compression techniques.
The proposed method involved is applying the lossless biorthogonal (5, 3) integer wavelet transform which results in integer coefficients for Lossless coding. The coding method exploits both interframe and intraframe correlation in images. This modified coding method has a better performance than the EZW coding scheme.
Methodology
We employ the biorthogonal (5, 3) integer wavelet transform which results in integer coefficients for Lossless coding and biorthogonal (9, 7) integer wavelet transform for lossy coding. This Lossy compression scheme is applied for natural images and photographs and classical images. It is represented by [3] .
Lossy Model
The one dimensional transform can be given for lossy model by this equation. The constants are described by [10] . These equations are derived using Daubechies as mother wavelet.S 0 is the original signal and S, and d, is low pass and high pass coefficient. The frI represents the integer part of x. The analysis low pass filter has 9 coefficients and analysis high pass filter has 7 coefficients. The filter bank tree for wavelet can be constructed up to any level by applying the above transform on the low pass signals. For 2-13 transforms, we apply l-D transform separately on rows and columns. In case of 3-D3 transform we apply 1-D transform to three dimensions separately. Apply the 213/31) separable Integer wavelet transform on the image, depending n the level. Wavelet transformed image is tiled into v'~v lattices. Find the maximum absolute value wma,, for each lattice k. find Tk = 11g 2 abs(wm,_ )I which is the threshold value for lattice k.
Find the maximum of all thresholds as global threshold Tg Scan the wavelet transformed image starting from low frequency band to the highest frequency band in zigzag manner. In each band the lattices are scanned in raster order. [9] If Tk<Tg, lattice is insignificant and a zero is recorded. If Tk>=Tg, the lattice is significant and decoder must be informed. Then a 1 is recorded. For first time significance values are recorded. If lattice is already significant, no information is sent to decoder. If coefficient is significant then a I is appended else a 0 is appended.
After scanning all bits, set Tg = Tg-I until Tg is zero. The coded list generated by this procedure is coded by the arithmetic coding. The most important coefficients are coded before the least important coefficients which results a progressive bit stream as there is a ordering of wavelet coefficients. The decoder can reconstruct the image at any level depending on requirement. Thus compression performance is improved by this scheme and is used extensively in progressive transmission scheme.
Work on 3D images
The proposed work is extended to 3D) images. The idea exploits both interframe and intraframe correlation in this images and we get high compression ratios. A 1 D integer wavelet transform is applied across all slices in 3D images. This gives low frequency and high frequency images. Each of these images is decomposed by 21) integer wavelet transforms. The wavelet images are tiled as cuboids. [4] The coding algorithm is applied to get a progressive bit stream.
Results and Discussion
The input digitized images are of size 512X512 with resolution of 24 bits per pixel and also with 8 bits per pixel. The contrast value ranges from 0 to 255.The preprocessing scheme in medical images improves the compression performance. The scheme can be applied to 7 levels. We perform 4 level integer wavelet transform decomposition. The performance improves for higher lattice size. The lower thresholds need more bits to represent the information. So selecting the optimum lattice structure is important. We use lattice size of 4 for high frequency bands and a lattice size of 2 for low frequency bands. The wavelet image is partitioned into lattice of squares representing a set of wavelet coefficients. The coding method exploits intraband dependencies. The total no of squares delimiting the selected trees is given by 3 
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We chose an arbitrary square located in a sub band and the logarithmic threshold is given by Tk'I =[l1o9 2 
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The w,, is the maximum absolute value of the wavelet coefficients. The value of TkI that the coefficients in wk are not significant with respect to whole set of thresholds with condition TkO < T. One coefficient from wk) is significant with respect to 2Tk. The value of Tk'1 can be used to code the significance from the trees. This method needs less no of coefficients than the classical EZW coder. The proposed method is compared with various schemes. The proposed scheme is compared with SPJHT and the EZW scheme. We apply these algorithms on various images like Dental X-ray images, CT images, Ultrasound images and MRl images. We compare both 2D and 3D algorithms on all types of images. The wavelet coefficients at lower frequency bands are highly significant and the wavelet coefficients at high frequency bands are insignificant. This determines the compression performance.
We can see from the compression performance that the integer wavelet transform has better performance among all the other methods. The integer wavelet transform method is comparable with the SPIHT in terms of compression ratio. The integer wavelet transform offers better performance in terms of PSNR. The PSNR is high because of the fact, that the correlation is exploited to the maximum extent in integer wavelet transform. The Integer wavelet transform method has a higher computation time among the other methods. The computation time can be varied by varying the level of the wavelet transform which is considered as a tradeoff between the computation time and performance.
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Conclusion
We present a wavelet based lossy and lossless image compression for variety of images ranging from classical images to CT, X-ray and MRI images. This scheme has a better performance than the EZW and SPIHT algorithms. The Lossy and Lossless methods have a high compression ratios and a high
